We reviewed the absolute amd differential growths of the myocyte populations in the left (L) and right (R) ventricular myocardium morphometrically from 1 to 5 days and from 5 to 11 days after birth. From 1 to 11 days hypertrophy of the average myocyte in the ventricles was (L) 2.7-and (R) 2.4-fold, and myocyte proliferation was (L) 2.0-and (R) 1.2-fold. Mean cell volume, cell length, and percent binucleation of cardiac myocytes were similar in both ventricles at 1, 5, and 11 days of age. During this period, average myocyte length increased 2-fold (12 sarcomere lengths), and the percentage of binucleate myocytes increased approximately from 2.7 to 17 to 48%. Myocyte hypertrophy from 1 to 5 days resulted mainly from an increase in the volume of cytoplasm per nucleus and from 5 to 11 days from the accumulation of binucleate cells. No differences were observed in the characteristics of epicardial and endocardial myocytes in either ventricle up to 11 days of age. The 61% greater proliferation of myocytes in the left ventricle was the principal basis for the development of a 2-fold difference in ventricular weight gains: (L) 6.2-and (R) 3.4-fold. No increase in right ventricular midwall thickness was observed, in contrast to a 2.7-fold increase of the left ventricle. It was concluded that, as a result of the circulatory changes occurring shortly after birth, right ventricular growth is analogous to eccentric hypertrophy, whereas left ventricular growth represents a combination of eccentric and concentric hypertrophy. Circ Res 46: [495][496][497][498][499][500][501][502] 1980 GROWTH of the myocardium during the early postnatal period must accommodate not only the increasing demands of the rapidly growing animal but also the relatively abrupt changes in the patterns of blood flow and circulatory resistance occuring shortly after birth. Work required of the left and right ventricles is approximately equal as they pump in parallel during fetal life (Heymann and Rudolph, 1973; Rudolph, 1974) . With closure of the foramen ovale and ductus arteriosus after birth, blood flow is henceforth in series through the right and left ventricles, resulting in a greater volume work load on each ventricle. In the same period, pulmonary resistance is lowered by expansion of the collapsed lungs (Klopfenstein and Rudolph, 1978; Rudolph, 1979) , peripheral resistance increases with loss of the placental circulation (Rudolph, 1970) , and the pressure load on the left ventricle becomes significantly greater than that on the right ventricle (Assali et al., 1965) . The combi-
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Development in the Left and Right Ventricular Myocardium of the Rat I. Hypertrophy, Hyperplasia, and Binucleation of Myocytes PIERO ANVERSA, GIORGIO OLIVETTI, AND ALDEN V. LOUD SUMMARY We reviewed the absolute amd differential growths of the myocyte populations in the left (L) and right (R) ventricular myocardium morphometrically from 1 to 5 days and from 5 to 11 days after birth. From 1 to 11 days hypertrophy of the average myocyte in the ventricles was (L) 2.7-and (R) 2.4-fold, and myocyte proliferation was (L) 2.0-and (R) 1.2-fold. Mean cell volume, cell length, and percent binucleation of cardiac myocytes were similar in both ventricles at 1, 5, and 11 days of age. During this period, average myocyte length increased 2-fold (12 sarcomere lengths), and the percentage of binucleate myocytes increased approximately from 2.7 to 17 to 48%. Myocyte hypertrophy from 1 to 5 days resulted mainly from an increase in the volume of cytoplasm per nucleus and from 5 to 11 days from the accumulation of binucleate cells. No differences were observed in the characteristics of epicardial and endocardial myocytes in either ventricle up to 11 days of age. The 61% greater proliferation of myocytes in the left ventricle was the principal basis for the development of a 2-fold difference in ventricular weight gains: (L) 6.2-and (R) 3.4-fold. No increase in right ventricular midwall thickness was observed, in contrast to a 2.7-fold increase of the left ventricle. It was concluded that, as a result of the circulatory changes occurring shortly after birth, right ventricular growth is analogous to eccentric hypertrophy, whereas left ventricular growth represents a combination of eccentric and concentric hypertrophy. Circ Res 46: [495] [496] [497] [498] [499] [500] [501] [502] 1980 GROWTH of the myocardium during the early postnatal period must accommodate not only the increasing demands of the rapidly growing animal but also the relatively abrupt changes in the patterns of blood flow and circulatory resistance occuring shortly after birth. Work required of the left and right ventricles is approximately equal as they pump in parallel during fetal life (Heymann and Rudolph, 1973; Rudolph, 1974) . With closure of the foramen ovale and ductus arteriosus after birth, blood flow is henceforth in series through the right and left ventricles, resulting in a greater volume work load on each ventricle. In the same period, pulmonary resistance is lowered by expansion of the collapsed lungs (Klopfenstein and Rudolph, 1978; Rudolph, 1979) , peripheral resistance increases with loss of the placental circulation (Rudolph, 1970) , and the pressure load on the left ventricle becomes significantly greater than that on the right ventricle (Assali et al., 1965) . The combi-nation of these effects induces a faster growth in the left ventricular myocardium leading to its relatively larger muscle mass characteristic of the adult heart. Myocardial growth is primarily the result of an increasing volume of contactile cells (Katzberg et al., 1977; Korecky and Rakusan, 1978) . Cardiac myocytes in the rat retain some capacity for proliferation up to about the age of weaning (Dowell and McManus, 1978) , although significant hyperplasia may cease earlier (Claycomb, 1975) . Average size of myocytes also increases in parallel with postnatal body growth, and myocytes possess the capacity for additional hypertrophy in response to an added workload (Anversa et al., , 1979 Korecky and Rakusan, 1978; Loud et al., 1978) . In addition, the population of myocytes shows a rapidly increasing percentage of binculeate cells during early postnatal growth (Katzberg et al., 1977) . Recently developed morphometric methodology for measuring in situ the average cell size, number, and percentage of binucleate myocytes (Anversa et al., , 1979 Loud et al., 1978) has been applied in the present study to investigate these properties of myocytes and their differential growth rates in the left and right ventricular myocardium in the early postnatal period. Measurements have been made at the beginning and end of the 10-day interval from 1 to 11 days after birth, prior to the cessation of DNA VOL. 46, No. 4, APRIL 1980 synthesis in cardiac myocytes (Claycomb, 1975) , and also at 5 days of age, when the heart weight: body weight ratio attains a maximal value in the rat (Donaldson, 1924) . Morphological differences between subendocardial and subepicardial regions in the ventricular walls have been examined in view of the heterogeneity previously demonstrated in the adult rat heart Loud et al., 1978) .
The overall compositions of the ventricular myocardium and of myocyte cytoplasm change significantly during development from the near-term fetus (Anversa et al., 1975) to the adult (Page et al., 1974) . Rapid myocardial growth also includes expansion of the capillary vasculature of the tissue both in absolute amount and relative to the population of contractile cells. These effects, measured in the same tissue specimens used here, are described in the second part of this study (Olivetti et al., 1980) .
Methods
The hearts of 30 normal Wistar strain rats were studied at 1, 5, and 11 days of age. These groups consisted of 11,11, and 8 siblings, respectively. Each rat was anesthetized with ether and the abdominal aorta cannulated with a glass micropipette attached to a perfusion apparatus . The heart was arrested in diastole by intravenous injection of KC1, the right atrium opened, and the myocardium perfused for 3 minutes with 0.1 M phosphate buffer (pH 7.2) containing 100IU heparin per ml. Subsequently, each heart was perfused for 15 minutes with a glutaraldehyde-paraformaldehyde mixture. All perfusions were done at a pressure of 30 mm Hg, the minimal level at which a reliable flow through the tissue could be attained. This pressure is equal to the average mean arterial pressure measured in anesthetized rats between the ages of birth and 11 days (Burlingame et al., 1942; Litchfield, 1958) .
The hearts were excised rapidly and the weights of the carefully dissected left ventricle, interventricular septum, and right ventricle determined. The free walls of both ventricles then were sliced transversely into several thin arcs from which blocks extending from the endocardial to epicardial surface were obtained. The blocks were fixed an additional 2-3 hours, washed overnight in buffer, postfixed in 1% OsO 4 , dehydrated with acetone, and embedded in Araldite using flat embedding molds. The tissue pieces were oriented to present either the endocardial or epicardial face for cutting. Measurements of the radial wall thickness in each block were made before sectioning with the aid of a magnifier having an incorporated scale accurate to 0.01 mm.
Eight tissue blocks from each rat heart were sectioned for light microscopic nuclear counting, two each from the endocardial and epicardial regions of the left and right ventricular free walls. Sections with myofibers oriented longitudinally were cut from each block at nominal thicknesses of 0.5, 2.5, and 4.0 /im using an LKB Ultrotome III ultramicrotome. The sections were mounted on glass slides, and the plastic embedding matrix was dissolved (Mayor et al., 1961) and stained with Harris' hematoxylin to enhance nuclear contrast. Multiple measurements of the length and width of sections taken at a magnification of 50x before and after these treatments showed less than ±2% change at each thickness. Morphometric sampling at a magnification of 800X consisted of counting independently the total number of myocyte nuclear profiles, N(n), and the number of paired nuclear profiles (binucleate cells), N(2n), in a measured area, A, of tissue sections at the three different thicknesses. A square tissue area equal to 13,255 jiim 2 was delineated in the microscopic field by an ocular reticle (no. 105844, Wild Heerbrugg Instruments, Inc.), and 2-3 laterally adjacent fields were examined in each section. Interpretation of nuclear counting data is dependent on correction factors based on measurements of the actual section thicknesses utilized and the magnitudes of section compression during microtomy (Anversa et al., 1979) . These variables were measured as previously described (Anversa et al., 1979) using similarly prepared blocks of heart tissue. The number of myocyte nuclei per unit volume of myocardium, N(n)v, then could be determined from the average counts of nuclei per unit area of uncompressed sections, N(n>A, in sections of different thickness, t, using the equation :
where (D -2p) is the mean transverse nuclear diameter, D minus twice the minimal thickness, p, of nuclear profile that is visible in grazing sections. This equation shows that the value of N(n)v is equal to the slope of a linear regression line based on a plot of N(n)A vs. t and is independent of variations in nuclear size and shape.
In a similar manner, the number of binucleate pairs per unit volume of myocardium, N(2n)v, was determined from their number per unit area, N(2n)A, and the equation:
(2) The number of binucleate pairs per unit volume is equivalent to the number of binucleate myocytes, and twice their number gives the number of binucleate cell nuclei among the total nuclear number per unit volume. Thus, the number of mononucleate myocytes per unit volume, N(ln) v , is derived from the relationship:
Assuming a tissue density of 1.05, the volumes of the left and right ventricular free walls were calculated from their measured weights. The total numbers of mononucleate and binucleate myocytes in each ventricle could then be determined from the product of the total ventricular myocardial volume and their respective numbers per unit volume. These results are sufficient to compute the numbers of all myocytes in each ventricle and the percentage of binucleate cells in the whole myocyte population.
To evaluate the average cell volume of myocytes from their numerical density, the volume fraction of myocytes, V(c) v , in the myocardium was determined from transversely oriented electron micrographs at 7500 X as described in the accompanying paper (Olivetti et al., 1980) . Since cardiac myocytes are a mixed population of mononucleate and binucleate cells, there are two relevant measures of the average myocyte volume: the cell volume per nucleus
The value V(c) n is identical to the mean cell volume, V(c), in a mononucleate population. Any increase in its magnitude is a direct measure of the process of cellular hypertrophy both in a mononucleate population and in a multinucleate population where the fraction of multinucleate cells remains constant. Whenever the percentage of multinucleate cells in a population changes, however, the relevant measure of mean cellular hypertrophy is the increase shown by the parameter VI (c).
The number of individual myocyte profiles was also counted in electron micrographs to determine their average cross-sectional area and the mean longitudinal length of the cells (Anversa et al., 1979) . In addition, average sarcomere lengths were determined in longitudinally oriented electron micrographs at 30.000X, 100 measurements per rat. Finally, three low power (7500X) electron micrographs of myocardium showing myofibers in longitudinal orientation were collected from each ventricular region in each rat, and the numbers of myocyte nuclear profiles per unit area of tissue were determined. Since the numerical density of nuclear profiles in electron micrographs is not biased by the penetration factor p (see Equation 1) these data in combination with the value of V(c) n were used to calculate D and p . All values in the following tables show the mean ± SEM determined from the average measurements obtained from each rat (n = 11 or 8). The statistical significance level of comparisons between different measurements has been evaluated using Student's ttest. Table 1 shows the body weights and the weights of the major divisions of the rat heart at 1, 5, and 11 days of postnatal growth. The rate of increase of heart weight compared to that of the body weight was greater from 1 to 5 days and less from 5 to 11 days, resulting in a significant transient increase of the heart weight:body weight ratio. This effect was shared by each component of the heart, but the principal response was found in the left ventricular free wall, an intermediate response in the interventricular septum, and the least growth acceleration in the right ventricular free wall. Throughout the first 11 days of growth, the left ventricular weight continually increased at a faster rate than that of the right ventricle, being 16%, 51%, 113% greater at 1, 5, and 11 days, respectively. The 6.2-fold increase in left ventricular weight was accompanied by a 2.7fold increase in wall thickness. In contrast, no significant change in right ventricular wall thickness was observed despite a 3.4-fold weight gain.
Results
Results of the morphometric determination of myocyte nuclear density and the frequency of binucleate pairs in the myocardium are shown in Figure 1 and Table 2 . Figure 1 demonstrates the essential linearity of nuclear profile density in sections of different known thicknesses. The numerical values of the slopes, N v , and intercepts, D -2p, of the regression lines drawn in Figure 1 and the separate values of D and p are recorded in Table 2 . As indicated in Methods, all nuclear counts were made in an equal sampling of endocardial and epicardial (Anversa et al., 1979) . These results are based on total counts of 96,865 nuclear profiles and 11,527 profiles of binucleate pairs.
areas of each ventricle to test for the existence of transmural gradients. The numerical densities of nuclei computed separately for each zone did not give significant evidence of regional differences. Therefore, all of the data were pooled, and the values shown should be considered representative of a transmural sampling of each ventricular wall. Table 3 shows the progressive increase in the numbers of myocyte nuclei in each ventricle from 1 to 11 days, which amounts to an overall nuclear proliferation of 2.93 in the left ventricle and 1.76 in the right ventricle. These values cannot be equated with cellular proliferation since the myocyte population contains a significant fraction of binucleate cells. The numbers of binucleate pairs (binucleate cells) increased 34.5-fold in the left ventricle and 22.6-fold in the right ventricle. Thus, from 1 to 11 days, the number of mononucleate myocytes was practically unchanged in the left ventricle and showed a 31% decrease in the right ventricle. Total myocyte number in each ventricle shows that cellular hyperplasia in the myocyte population of the left ventricle was 100% from 1 to 11 days of age. In contrast, only a 24% increase in the number of myocytes, not statistically significant, was detected in the right ventricle. The percentage of binucleate myocytes in both ventricles rose from less than 3% at 1 day to approximately 50% at 11 days. It is noteworthy that the growth of every parameter in Table 3 was greater from 1 to 5 days than from 5 to 11 days of postnatal development.
In contrast to Table 3 , which shows the contributions of myocyte proliferation to myocardial growth, Table 4 describes the complementary process of cellular hypertrophy by characterizing the concurrent increase in the size of the average myocyte. Average myocyte volume per nucleus was found to increase by 60-70% from 1 to 5 days of age but only by 6-9% from 5 to 11 days. With a changing percentage of binucleate cells in the myocyte population, a more representative index of cellular enlargement is the change in the average cell volume. Average myocyte hypertrophy in the left and right ventricular myocardium was 92 and 87%, respectively, from 1 to 5 days and 42 and 30% from 5 to 11 days, making totals of 173 and 144% from 1 to 11 days.
A further understanding of the consequences of myocyte hypertrophy was obtained from the average cellular transverse cross-sectional areas, which increased progressively for both left and right ventricular myocytes. These increases, however, were less than the increases in average cell volume, suggesting an additional lengthening of the cells. Mean myocyte length was found to be practically identical in both ventricles at each age studied and to have increased 2-fold from 1 to 11 days. The average increase of 22 /xm in myocyte length implies, as shown in the last line of Table 4 , the addition of approximately 12 average sarcomere lengths to each cell. All properties of average cardiac myocytes described in this table also show greater increments of growth from 1 to 5 days than from 5 to 11 days of development. Finally, in contrast to the significantly greater degree of myocyte proliferation in the left ventricle during early postnatal development, the difference in average myocyte enlargement between the left and right ventricles was relatively small and apparent only as a slightly greater increase in the average transverse crosssectional area of left ventricular myocytes. Results expressed as mean ± SEM. * Symbols: Nv = number of myocyte nuclei or binucleate pairs per 10 5 /xm 3 of myocardium. D = transverse caliper diameter of myocyte nuclei (/im). p = penetration factor.
Discussion
Quantitative myocardial changes during the early postnatal development of the heart indicate an adaptive growth acceleration leading to an elevated heart weight:body weight ratio around 5 days of age in the rat (Donaldson, 1924) . Results from the present study show this ratio (mg/g) to have a value of 4.0 at both 1 day and 11 days after birth, but 5.2 at 5 days. Beyond 5 days, the ratio decreases continually with increasing body weight (Rakusan et al., 1963) . Growth factors from 1 to 5 days for the left ventricular free wall (3.19), the interventricular septum (2.75), and the right ventricular free wall (2.45) all exceed that for total body growth (2.20). From 5 to 11 days, each of these myocardial growth factors was reduced by approximately 40% (1.95, 1.76, and 1.39, respectively), becoming less than the body growth factor (2.24). Overall, in the period from 1 to 11 days, left ventricular growth was nearly double right ventricular growth.
The different magnitudes of tissue growth in the left and right ventricular myocardium seen early after birth are responses to the different workloads imposed by the transition from fetal to postnatal circulatory patterns (Lee et al., 1975) , resulting in an increased volume load on both sides of the heart (Rudolph, 1970; Klopfenstein and Rudolph, 1978 ). An increasing volume load typically induces enlargement of the ventricular chamber volume without a relative increase in its wall thickness, i.e., eccentric hypertrophy (Levine et al., 1963; Grant et al., 1965) . The observation in this study of a 3.39fold right ventricular growth without significant wall thickening appears to be an example of eccentric hypertrophic growth. The left ventricle, on the other hand, is additionally exposed to a rapidly increasing pressure load. Mean arterial blood pressure in the rat has been measured to be approximately 14 mm Hg at birth (Burlingame et al., 1942) , 35 mm Hg at 5 days (Litchfield, 1958) , and 52-56 mm Hg during the 2nd postnatal week (Litchfield, 1958; Rakusan et al., 1965) . Increasing pressure load in the adult heart induces concentric ventricular hypertrophy, in which wall thickness increases without chamber enlargement (Grant et al., 1965) . These considerations are consistent with the observation showing a 6.22-fold growth in the mass of the left ventricular free wall which includes a 2.67fold increase in mean wall thickness from a postnatal age of 1-11 days. A similar combination of concentric and eccentric hypertrophy is absent in the right ventricle because the pulmonary vascular resistance decreases abruptly at birth (Klopfenstein and Rudolph, 1978; Rudolph, 1979) , and there is no corresponding extra pressure load imposed on the right side of the heart. The translation of chamber pressure and volume loads into the mechanical stresses that may regulate cell and tissue growth within ventricular walls is clearly far more complex than the above conceptual mechanisms designed to differentiate grossly between alternate types of cardiac hypertrophy. Chamber size, shape, wall thickness, and relative position across the wall all enter into the computation of local wall tension (Lee et al., 1975) . We used a recently developed morphometric technique (Anversa et al., , 1979 Loud et al., 1978) , to show that the principal difference between left and right ventricular growth in the period from 1 to 11 days after birth was a greater proliferation of myocytes in the left ventricular myocardium. The myocyte population of the left ventricular free wall increased 100% by the addition of 7.3 million cells, whereas that of the right ventricle added only 1.5 million cells. In agreement with previous observations (Katzberg et al., 1977) , less than 3% of all myocytes were binucleate at 1 day, 15-20% at 5 days, and 45-50% at 11 days. During this period, the average cardiac myocyte also increased 2.44-to 2.73-fold in volume, doubled in length, and increased its mean transverse cross-sectional area by 21-35%. At none of the ages studied, however, was any significant difference found between the mean volumes, lengths, and cross-sectional areas of the average myocyte or the percentages of binucleate cells in the myocyte populations of the left and right ventricular free walls. Furthermore, no evidence of the transmural morphological heterogeneity present in adult rat myocardium Loud et al., 1978) was demonstrable in either ventricle by comparing independent computations on the raw data collected separately from subepicardial and subendocardial regions in each animal.
From the present data, myocyte proliferation was clearly evident from 1 to 5 days of age and dropped off markedly between days 5 and 11. On the other hand, a more rapid proliferation of myocyte nuclei was present in both ventricles up to 5 days and persisted into the 5-to 11-day interval in the left ventricle. The difference between nuclear proliferation and cellular proliferation comes about from the rapid increase in the numbers of binucleate myocytes in the myocardium of both ventricles. As a method for measuring nuclear and cellular multiplication, nuclear count morphometry is uniquely different from autoradiographic DNA-labeling techniques. Whereas the latter can be used to show nuclear DNA synthesis at specific times (Morkin and Ashford, 1968; Grove et al., 1969; Hollenberg et al., 1977; Dowell and McManus, 1978) , the morphometric approach yields a numerical evaluation of changes in the absolute numbers of nuclei and cells during a specified time interval (Anversa et al., , 1979 Loud et al., 1978) . Morphometry alone cannot distinguish among the several mechanisms by which binucleate myocytes may be formed: binucleate cell division, nuclear division without cell division in a mononucleate cell, or fusion or mononucleate cells. Simultaneously, mononucleate cells may arise from ordinary mitosis or the division of binucleate cells. However, the consistent loss of about 30% of the mononucleate myocytes from both ventricles in the 5-to 11-day period suggests that the mechanism of nuclear division without cell division predominates during this period, although the less likely process of cell fusion cannot be excluded.
It has been shown that mitotic activity in cardiac myocytes, which is high during the earliest stages of histogenesis, declines rapidly during the postnatal period, and cell enlargement becomes the main growth mechanism underlying the further development of the heart (Zak, 1974; Katzberg et al., 1977) . DNA synthesis in these cells has been reported to cease completely sometime between 2 and 6 weeks after birth (Zak, 1974; Claycomb, 1975; Dowell and McManus, 1978) . Various mechanisms have been suggested for this effect including the decline of nuclear phosphokinase activities (Limas, 1978) , loss of DNA polymerase (Claycomb, 1973; Doyle et al., 1974) , reduced DNA accessibility for gene transcription and, from in vitro studies, contact inhibition of myocyte proliferation (Fishman et al., 1975) . In addition, it has been suggested that adrenergic innervation of the heart may be the physiological signal that changes the growth pattern of the muscle cells (Claycomb, 1977) . The present results show that nuclear and/or cell division in myocardial myocytes is greater and persists longer in the left ventricle than in the right ventricle during early postnatal development. The outcome of this difference is the conversion of the left.right ventricular ratios of weight and myocyte number from neonatal values approximating 1:1 to normal adult values near 2:1. It is not known whether this is wholly the result of the greater pressure load imposed on the left ventricle after birth. It has recently been shown, however, that an increased pressure load induced by aortic constriction in weanling rats stimulates mitotic activity in left ventricular myocytes (Dowell and McManus, 1978) , a response not seen in adult myocardium.
The dimensions of the average myocyte in both left and right ventricles increased steadily from 1 to 11 days of postnatal growth. Assuming a cylindrical model for the cell, the length:diameter ratio of the average myocyte increased from 2.9 at 1 day to 4.6 at 5 days and 5.2 at 11 days. A normal adult value of 5.3 has been measured from myocytes isolated enzymatically from fresh tissues (Korecky and Rakusan, 1978) . In situ morphometric measurements indicate that the length:diameter ratio of adult subepicardial myocytes is greater than that of suben-docardial myocytes and that these values decline during induced hypertrophy because of a relatively greater increase in cell diameter .
Although the percentages of binucleate myocytes calculated here from the numbers of binucleate cells per unit myocardial volume all agree well with the results of other investigators (Katzberg et al., 1977) , similar morphometric measurements from adult rat myocardium Anversa et al., 1979) have been significantly lower (2-11%) than the estimates made from myocytes isolated in cell suspension in different laboratories (Katzberg et al., 1977) . The controversy seems to revolve about the questions whether isolated myocytes constitute a representative sampling of the whole myocyte population and whether binucleate pairs are recognizable microscopically in proportion to their true frequency in longitudinal tissue sections. The linearity of binucleate profile counting data with respect to section thickness implies that any absolute error in this methodology is at least consistent at each thickness. Error in determining the true frequency of binucleate cells may result from the lateral displacement of paired nuclei or variations in the longitudinal orientations of either cells or sections . Although any of these effects should produce an increase in the measured parameter (D -2p) compared to that for individual nuclei, the results show no indication of such a change (Table 2) .
Finally, the interpretation of absolute morphometric determinations with respect to tissue properties in the living state involves the unknown variation of relative and absolute volumes during the processes of fixation, dehydration, and embedding. Although the tonicity of fixatives has been shown to alter the volume composition of adult myocytes (Page and Upshaw-Earley, 1977) , the fixative utilized here previously provided excellent structural preservation of fetal myocardium (Anversa et al., 1975) . Furthermore, there was no qualitative indication of either tissue, cell, or organelle swelling in the tissues measured in the present study. It should be noted that both the quantitative comparison of similarly prepared tissues and the morphometric estimation of the total numbers of discrete structures are valid regardless of possible absolute volume changes during tissue processing.
